Purpose: When producing mining operations in high-stress rock massive, technogenic seismicity is manifested. Forecasting and prevention of these events is given much attention in all countries with a developed mining industry. From the point of view of the paradigm of physical mesomechanics, which includes a synergetic approach to changing the state of rock massive of different material composition, this problem can be solved with the help of monitoring methods tuned to the study of hierarchical structural media. Changes in the environment, leading to short-term precursors of dynamic phenomena, are explained within the framework of hierarchical heterogeneity and nonlinearity from observations of wave fields and seismic catalog. For that purpose it is needed to develop new algorithms of modeling wave field propagation through the local objects with hierarchical structure. Design/Methodology/Approach: It had been constructed an algorithm for 3D modeling electromagnetic field for arbitrary type of source of excitation in N-layered medium with a hierarchic conductive and magnetic intrusion, located in the layer number J. It had been constructed algorithms for 2D modeling of sound diffraction and linear polarized transversal seismic wave on an anomaly elastic or dense intrusion of hierarchic structure, located in the layer number J of N-layered elastic medium. We used the method of integral and integral-differential equations for a space frequency presentation of wave field distribution. Findings: From the theory it is obvious that for such complicated medium each wave field contains its own information about the inner structure of the hierarchical inclusion. Therefore it is needed to interpret the monitoring data for each wave field apart, and not mixes the data base. Practical Value/Implications: These results will be the base for constructing new systems of monitoring observations of dynamical geological systems. Especially it is needed to prevent rock shocks in deep mines by their exploitation or natural hazards.
Introduction
The phenomenon of zonal disintegration of rocks around underground excavations was first described in [1] . The formation of structures in irreversible processes is associated with a qualitative jump in reaching threshold (critical) parameters. Self-organization is a supercritical phenomenon when the parameters of the system exceed their critical values. When the system deviates strongly from the equilibrium state, its variables satisfy nonlinear equations. Nonlinearity is an important common feature of processes that go far from equilibrium. In this case, supercritical return of entropy is possible only in the presence of an unusual, special internal structure of the system [2] . This means that self-organization is not a universal property of matter, it exists under certain internal and external conditions and this is not related to a special class of substances. So, there are two classes of irreversible processes: 1) destruction of the structure near the equilibrium position-this is a universal property of systems under arbitrary conditions; 2) the appearance of structures far from the equilibrium position under the conditions that the system is open and has a nonlinear internal dynamics, and its external parameters have supercritical values. I. Prigogine named them as dissipative structures [3] . The study of the morphology and dynamics of migration of these zones is of particular importance in the development of deep-located deposits, complicated by dynamic phenomena in the form of rock impacts. At the same time, geomechanics requires the use of a new model, namely a layered-block model with inclusions of a hierarchical type. In this regard, for the analysis of mechanical fields propagating in such environment, it is necessary to use not kinematic, but dynamic methods based on modeling their propagation through a multi-ranked environment. An important tool for this study is geophysical research. As shown in [4] , to describe a geological environment in the form of an array of rocks with its natural and technogenic heterogeneity, we should use its more adequate description, which is a discrete model of the medium in the form of a piecewise heterogeneous block medium with embedded heterogeneities of smaller rank than the block size. This including can be traced several times, i.e. by changing the scale of the investigation; we see that heterogeneities of smaller rank now appear as blocks for heterogeneities of the next rank. Simple averaging of the measured geophysical parameters can lead to changed information about the structure of the medium and its evolution [4] . versions. The problems are-to determine the structure of placers (platinum, diamonds), to identify and determine the state of man-made, seasonal and eternal permafrost, to identify zones of disturbance in dams and especially dangerous objects, to solve archaeological problems on the ancient buried precious objects of Russia and Egypt. One of the fundamental problems of mining, which is traditionally attributed to the problems of geomechanics, is the problem of creating a theory and methods for studying the structure and state of rock massifs in order to predict and prevent catastrophic phenomena during the development of deposits [7] .
Active Monitoring of the Structure and State of Different Material Content Rock Massif
Determining the state and dynamics of a rock massif is a more complex problem than mapping its structure. Individual parts of the massif can be in a different stress state, and the corresponding deformations can be either elastic or plastic.
The medium can be multiphase. A powerful change in the state of the blocks can lead to stability loss of the whole massif and to a rock shock. The state change is determined both by natural and technogenic impact on the massif and is manifested, among other things, in the form of formation of man-made cavities and pumping mechanical energy during mass explosions provided for mining technologies. The phenomenon of non-stationary state of the rock massif today is a well-known fact [8] [9] . Manifestations of it are in the form of increased permeability due to an increase in the fracturing of rocks, which are already recorded in the form of foreshocks, micro-impacts, rock impacts, rock-tectonic impacts [10] . The latter refer already to catastrophic phenomena, which are initiated by both internal and external technogenic causes. To predict such phenomena during the development of a particular ore deposit, it is important to calibrate the degree of relaxation of the rock mass in response to a controlled Monitoring is performed to study the nonstationarity of the manifestations of these local zones, related, inter alia, to changes in the state of the massif. The proposed monitoring system is organized in the form of several included cycles: 
Description of Case Sites
Full-scale experiments were carried out at the Magnezitovaya mine (Satka, Chelyabinsk Region) during the three years 1997-1999, in February-April of each year to study the structure of the interworking space, assess the degree of heterogeneity of the rock block and the variability of its structure and state over time. In the present experiment, four cycles of observations were made in all the excavations.
Analysis of Electromagnetic Monitoring Data
After appropriate processing of the data within the framework of a specialized system, developed by us, the distribution of effective resistance as a function of distance was obtained for all frequencies. Data analysis was carried out within the framework of the concept of three-stage interpretation. Thus, using the algo-Open Journal of Geology rithms for the interpretation of the first stage [12] , one-dimensional models of the distribution of the resistivity in the interworking space were obtained, which for all workings correspond to the model of a homogeneous half-space with a resistance of 1000 ohms. From the analysis of the experimental values of the effective resistivity in the chambers of the horizon, 297 m (a, b) and 277 m (in) before and after the chambers working (frequency 40 kHz), after preliminary filtration treatment [12] it follows that the geoelectrical parameter is eff., characterizing the resistivity of the rock massif, as a host environment, does not change over time (data obtained in 1997 and 1998). Intensive man-made influence on the eff. with increased tremor as a result of blasting operations during field development is practically not manifested.In [16] for the construction of a volume model for the distribution of local geoelectrical heterogeneities, a geoelectrical heterogeneity parameter δ was introduced as a function of the frequency, the distance between the point of reception and the location of the source and the distribution of the resistivity, both in the host environment and inside the local zones, which turned out to be an important stress-sensitive parameter. We analyzed the average geoelectrical heterogeneity parameter determined for each collocation for each frequency separately in the form (1)- (2): according to the electromagnetic data, before the 417 chamber was worked out, it was closer to the 417 chamber soil. It is likely that after she worked, she moved down. In works [17] [18] [19] , using 3D electromagnetic induction spatial-temporal monitoring, it was possible to show that the model of a hierarchical discrete medium is applicable for describing the structure of an array of rocks of different material composition [20] . Within the framework of a specific modification of the method, it was possible to trace two hierarchical levels.
Study of the Stress-Deformed State of Block Layered Medium with Hierarchical Inclusions
To solve the problems of geological and geophysical mapping, a model of a layered-block medium with homogeneous and inhomogeneous inclusions in physical properties is currently widely used, within the framework of which apparatus-methodological complexes for studying three-dimensional inhomogeneous media with the corresponding interpretation theory of geophysical data have been created [21] . When studying spatial-temporal changes in the struc- scaling and focusing. Our work is devoted to the development of an algorithm for modeling the electromagnetic and seismic effect within the framework of the frequency-geometric technique when investigating a conductive or elastic inclusion with a hierarchical structure immersed in a horizontally layered medium.
The algorithm is constructed using an iterative approach to solving volumetric integral equations for the alternating electromagnetic field in the frequency domain. For the model: the conducting inclusion located in an arbitrary layer of a five-layer medium, when the electromagnetic field is excited by a plane wave, a vertical magnetic or horizontal electric dipole, is described in [29] .
An Algorithm for Modeling the Propagation of an Alternating Electromagnetic Field in an N-Layer Medium with a Conducting Inclusion of a Hierarchical Type Located in the J-th Layer
Let the local heterogeneity has the following structure: at the first hierarchical level, this is the heterogeneity of the volume V 1 with the conductivity σ a1 ; at the second level, these are the heterogeneities located inside the volume V 1 and occupying the volume V 2 with the conductivity σ aj2 in the general case. We will consider the simpler case, when heterogeneities of the second and higher rank will have the same conductivity within their rank, that is, σ а2 . The heterogeneities of the third rank will occupy the volume V 3 within the volume V 2 with the conductivity σ а3 , etc. The parameters of the host horizontally layered medium have the form {σ k , h k }, where k = 1, ···, N, h k are the total thicknesses of the layers, i is the rank or hierarchical level number. The problem is considered for a magneto-homogeneous medium in the quasistationary approximation.
The volume integral equations and, respectively, integral representations for the electric and magnetic field components are written out as:
where, i is the number of iterations, and 
Algorithm for Modeling the Diffraction of Sound on a Two-Dimensional Elastic Heterogeneity of a Hierarchical Type Located in the J-th Layer of an N-Layer Medium
An algorithm for simulating the diffraction of sound on a two-dimensional elastic homogeneous inclusion located in the J-layer of an N-layer medium is written in [30] . If, moving to the next hierarchical level, the two-dimensionality axis does not change, and only the geometry of sections of embedded structures changes, then it is possible to write out an iterative process of modeling the seismic field similarly (4, 5) (the case of the formation of only a longitudinal wave). The iterative process refers to modeling the displacement vector from the previous hierarchical level to the next level. Within each hierarchical level, the integro-differential equation and the integro-differential representation are computed using algorithms (7). If at some hierarchical level the structure of the local heterogeneity breaks down into several heterogeneities, then the double and surface integrals in expressions (7) are taken over all heterogeneities. In this algorithm, the case is considered when the physical properties of the heterogeneities of the same level are identical, only the boundaries of the regions differ.
Algorithm for Modeling Diffraction of a Linearly Polarized Transversal Wave on a Two-Dimensional Elastic Heterogeneity of a Hierarchical Type Located in the J-th Layer of an N-Layer Medium
Similarly to (7), the same process is written for modeling the propagation of an elastic transverse wave in an n-layer medium with a two-dimensional hierarchical structure of arbitrary cross-section morphology using integral relations [30] . 
Conclusions
The results of active electromagnetic induction monitoring in the shock proof mine of the Tashtagolsky mine allow the following conclusions to be drawn [20] :
• massif of rocks represents a multi-ranked hierarchical structure; the study of the dynamics of a state and its structure can be conducted only with the help of geophysical methods tuned to such a model of the environment.
• the use of a multi-level induction electromagnetic method with a controlled source and a corresponding processing and interpretation technique allowed us to trace two hierarchical levels and identify the zones of disintegration that are an indicator of the stability of the array.
• zones of disintegration in the circumscribed area are asymmetrical in soil and roof and discrete: i.e. there are intervals in the near-service space for their complete absence. The maximum changes in the array under the technogenic influence occur precisely in the morphology of the spatial position of these zones as a function of time.
• the introduction of a new integral parameter of the intermittent intensity distribution of the disintegration zones makes it possible to proceed to a detailed classification of the array by the degree of stability and introduce quantitative criteria for this array [20] .
• introduction of the proposed integrated passive and active geophysical monitoring aimed at studying the transient processes of redistribution of the stress-strain and phase states, contributes to the prevention of catastrophic dynamic manifestations during the development of deep-located deposits.
At present, theoretical results on the modeling of the electromagnetic and seismic field in a layered medium with inclusions of a hierarchical structure are claimed [32] . Algorithms for modeling in the electromagnetic case for 3D heterogeneity are constructed, in the seismic case for 2D heterogeneity [30] [33] [34] [35].
It is shown that with increasing degree of hierarchy of the medium, the degree of spatial nonlinearity of the distribution of the components of the seismic and electromagnetic fields increases, which corresponds to the detailed monitoring experiments conducted in the shock-hazard mines of the Tashtagolsky mine and the SUBR. The constructed theory demonstrated how the process of integrating methods that use the electromagnetic and seismic field to study the response of a medium with a hierarchical structure becomes more complicated.
